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DETERMINATION OF FREE CHLORINE RESIDUALS IN WATER 
The minimum bactericidal chlorine concentration under 
specified conditions of pH, temperature, contact time, etc., 
depends upon the type of chlorine residual present. This is 
pointed out in the NAS-NRC report of 12/14/54 by w. Brewster 
Snow, entitled "Recommended Chlorine Residuals in Water 
Supplies for Armed Services." A free chlorine residual 
indicates the presence of hypochlorite ion and hypochlorous 
acid which disinfect far more rapidly than the chloramineso 
Therefore, it is desirable to be able to distinguish between 
free and combined available chlorine in solution. 
The available methods for determination of free chlorine 
alone are best suited to laboratory rather than field condi-
tions . The amperometric titration requires a source of 110 
volt current, and the orthotolidine arsenite test requires 
low temperature (1°C) to avoid interference by chloramines. 
Four modifications of the orthotolidine procedure were 
evaluated and found unsatisfactory for field use by USAEHA 
under Project No. 3879E6-61/62. Two procedures for the 
modified orthotolidine arsenite test (variations of one of 
the four evaluated in Project No. 3879E6-61/62) were 
evaluated by USAEHA under Project No. 3879E6-6l/63. It was 
recommended that one of these procedures be further developed 
for field use. 
Of the procedures now in use, only the United Kingdom's 
neutral red test provides free chlorine readings unaffected 
by chloramines present in the sample and is acceptable for 
field use. USAEHA evaluated the test in Project No. 4141El7-
62/63, but the test was found to be unsatisfactory for U. s. 
Army use because it is useful only for determining residuals 
of less than 2.0 mg/1 free chlorine. It was recommended 
that further quantitative tests be made on neutral red reagent. 
A number of methods alternative to the orthotolidine 
method have been proposed, but since none had been evaluated 
in detail or studied for its adaptation to field procedures, 
the aim of this project was to make a detailed evaluation of 
several proposed methods with emphasis on their suitability 
for field use. The methods or reagents considered were as 
follows: 
1. Neutral red 
2. Methyl red 
3. N,N-dimethyl-p-phenylene diamine 
4 . Tetrakis-p-dimethylaminophenyl ethylene 
5. Methyl orange 
6. N,N-diethyl-p-phenylene diamine (DPD) 
The work with each of these methods is covered in the 
individual sections of this report. Detailed procedures are 
also included . 
GENERAL PROCEDURES 
Reagents and solutions used in this study were prepared 
in double distilled ammonia free water . A Sargent water bath 
and cooler were used in controlled temperature studies . Samples 
were prepared in flasks suspended in the water bath, and 
absorbance was determined immediately after removal from the 
bath. Absorbance readings were made with a Beckman Model DB 
Spe ctrophotometer with a 1.0 cm cell at the wave length of 
maximum absorbance for the reagent being tested. 
Calibration curves were prepared by dilution of sodium 
hypochlorite solution which was standardized iodometrically. 
These dilutions were treated as in the procedure for free 
chlorine, and absorbance was plotted versus the free chlorine 
concentration . 
Standard solutions were prepared as follows : 
1. Chlorine stock solution: A standard free chlorine solu-
tion was prepared each morning by the addition of Clorox 
(5 . 25% sodium hypochlorite solution) to double distilled 
ammonia free water and standardized iodometrically against 
sodium thiosulfate. (The Na2 S2 0 3 solution was standardized 
every 7 days against potassium dichromate solution. ) 
2 . Chloramine stock solution: Solution was prepared from 
ammonium chloride and Clorox with 168 ppm NaHC0 3 to adjust 
pH. The solution was allowed to stand for at least 12 
hours (overnight), then standardized irrnnediately before 
use by amperometric titration. 
J. Nitrite solution: Nitrite solution was prepared with NaN02 
in double distil led water , 500 mg/1 as N02. 
4. Manganic ion: A stock solution of MnS0 4 •H2 0 in double 
distilled water was prepared and standardized. Prior to 
use (maximum time, 1 hour), the pH was adjusted to 10 with 
NaOH and, after 10 minutes , neutralized with H2 S0 4 • The 
maximum concentration of manganese which could be oxidized 
without precipitation was 6.7 ppm . 
5. Ferric iron: A stock solution of FeC1 3 •6H2 0, with 168 ppm 
NaHC0 3 added, was prepared and standardized . 
Sewage polluted water was prepared as follows: 
A water free of ammonia and containing 150 mg/1 alkalinity 
and hardness was prepared by adding 84 . 01 mg NaHC0 3 ~ 60. 19 mg 
MgS0 4 , and 74 . 1 mg Ca(OH) 2 per liter to ammonia free double 
distilled water, and adjusting the pH to 7 . 0 with carbon 
diox ide. Pr imary or activated sludge effluent was added in 
concentrations of 1, 2, 5, or 10% by volume . Ammonium. ion, 
organic nitrogen, COD concentrations, and for activated 
sludge effluent, nitrite concentrations, were determined as 
soon as possible after the sewage samples were collected. 
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Neutral Red 
Neutral red bleaches in the presence of free Cl2 producing 
a non-linear calibration curve covering the range 0.0-1.8 mg/1 
free Cl2 • Since neutral red had been recommended in USAEHA 
Project No. 4141El7-62/6J as a possible free chlorine test, 
calibration curves for a number of neutral red samples were run . 
From a series of seven samples of neutral red of varying dye 
content of 68-94~, obtained from six different chemical companies, 
a variety of curves was obtained, but in no case was a linear 
relationship observed . Interference from nitrites and chloramines 
is negligible. Ten mg/1 nitrite increases absorbance, causing a 
false free Cl2 reading of -0.1 mg/1; 1.2 mg/1 chloramine (from 
tap water) produces an apparent free chlorine reading of 0 . 08 
mg;l . Ferric iron interference is small; 4.41 mg/1 Fe+++ reduces 
the apparent free Cl2 reading by 0.1 mg/1 Cl2 , but 4 . 5 mg/1 Mn+++ 
causes a false free chlorine reading of 1.1 mg/1. The reagent 
solution is stable for at least two months . 
Neutral red was discarded because of its non-l i near calibr a -
tion curve, and because it was felt that the neutral red color 
would be difficult for visual comparison. 
Reagents: 
1. Stock solution of 0,05t neutral red in double distilled 
water with 20 mg/1 HgC1 2 added to retard deterioration. 
2 . Buffer solution of 0.2 M KHC8H4o4 in double distilled H2 0. 
Procedure: 
A SO ml free chlorine sample is added to 5 ml 0.005% 
neutral red (diluted from 0 . 05% stock solution with double 
distilled water), and 10 ml phthalate buffer. Absorbance 
is determined 5 minutes after preparation at 535 mp , pH 4.0. 
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Methyl Red 
The reagent, which bleaches in the presence of free Cl2 , 
produces a linear calibration curve over the range 0o0-1.2 mg/1 
free Cl 2 , provided the ethanol solvent is absolutely free of 
chlorine demand. Chloramines in tap water, nitrite ion, and 
ferric ion produce negligible interference. Ten mg/1 N02 
produces a false Cl2 reading of 0.13 mg/1; 1.7 mg/1 chloramine 
increases the Cl2 reading by 0.08; and up to 5.0 mg/1 Fe+++ 
has no visible effect. Manganic ion, however, does interfere; 
in a concentration of 4.5 mg/1, it causes a false free Cl2 
reading of 1.44 mg/1. Methyl red is stable in solution (at 
least 37 days); but because it is practically insoluble except 
in the presence of a non-polar solvent, it is a somewhat diffi-
cult reagent to prepare. Methyl red was rejected because of 
this problem, not encountered with methyl orange, and because 
methly orange is similar in other respects. 
Reagents: 
1. Stock 0.05% methyl red in Cl2 treated ethanol (95% 
ethanol was treated with free chlorine in excess of 
its chlorine demand and exposed to sunlight until 
no free chlorine remained). 
2. 6 N HCl 
Procedure: 
A 50 ml sample is added to 5 ml 0.005% methyl red 
(diluted from stock solution with chlorine treated ethanol), 
and 3 drops 6 N HCl, and absorbance is determined 2 minutes 
after preparation at 525 mp, pH 2.0. 
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Tetrakis-p-Dimethylaminophenyl Ethylene 
The calibration curve is linear and covers the range 0-1,4 
mg/1 free chlorine, Chloramine interference is negligible; 
interference from 9.92 mg/1 chloramine is equivalent to 0.05 
mg/1 free chlorine. Ferric iron , nitrite, and manganese inter-
fere. One mg/1 Mn+++ produces a!; interference e quivalent to 
0.50 mg/1 free Cl2 ; 4,89 mg/1 Fe+ ion is equivalent to 0,13 
mg/1 free Cl2 ; and 1.0 mg/1 N02 is equivalent to 0.52 mg/1 Cl2 , 
The reagent is stable for about one month, 
This reagent was discarded because of interfering sub-
stances, especially nitrites; instability of reagent; and the 
limited range in which chlorine concentration could be measured. 
Reagents: 
1, 0,2 g tetrakis-p-dimethylaminophenyl ethylene in 200 ml 
acetone (Analar). 
2. Glacial acetic acid. 
Procedure: 
A 50 ml sample is added to 1.0 ml tetrakis reagent and 
0,5 ml glacial acetic acid, and absorbance is determined 
10 minutes after preparation at 740 IJV , pH 2o7, 
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N,N-Dimethyl-p-Phenylene Diamine 
The reagent gives a linear calibration curve over the 
range 0.0-1.6 m&/1 free Cl2 , Chloramine causes some inter-
ference; 1.2 mg/1 chloramine increases the apparent free 
chlorine determination by 0.08 mg/1. Interference from 
nitrites is negligible; 10 mg/1 NO; causes a false free Cl2 
reading of 0.02 mg/1 . Ferric and manganic ion interfere. 
Four and eight-tenths mg/1 Fe+++ produces an eftect equal 
to that of 0.128 mg/1 free Cl 2 , and 1.8 mg/1 Mn++ is 
equivalent to 1.19 mg/1 free Cl2 • The reagent solution (0.2% N,N-dimethyl-p-phenylene diamine dihydrochloride in 
Cl2 treated 95% ethanol,:-) was found to be very unstable. 
The same reagent in absolute reagent grade ethanol is much 
more stable; during a 127 day period, a change in the cali-
bration curve producing a false free chlorine reading of 
only 0.02 mg/1 was observed. The properties of N,N, dimethyl-
p-phenylene diamine are similar to those of DPD, and, although 
the reagent appears to be more stable than DPD, the test was 
not further developed because: (1) It has a limited test 
range (O.O-J.O mg/1 free Cl2 ) ; and (2) By the time the stable 
reagent solution had been discovered, work was well under way 
with DPD, using the dry mix reagent which is stable indefinitely. 
Reagents: 
1. 0.2% N,N-dimethyl-p-phenylene diamine in absolute 
reagent grade ethanol, 
2. Buffer solution of 35.5 g anhydrous Na 2 HP0 4 and 
34 . 0 g KH2 P04 per liter. 
Procedure: 
A 50 ml sample is added to 1.0 ml 0.2% N,N-dimethyl-p-
phenylene diamine and 2.0 ml buffer; absorbance is determined 
2 minutes after preparation at 550 mµ, pH 6.8. To test for 
total chlorine, a KI crystal is added to the sample after 
the free chlorine determination; the sample is mixed and its 
absorbance again determined. 
-l~ 95% ethanol treated with free c12 is excess of its chlorine demand and exposed to sunlight until no free c12 remained. 
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N,N-Diethyl-p-Phenylene Diamine Oxalate 
The calibration curve of DPD oxalate as shown in figure l is 
linear over the range 0.0-3.0 mg/1 free chlorine and is indepen-
dent of temperature. Nitrite ion does not interfere, and inter-
ference from ferric iron is negligible as shown in figure 2. 
Determining absorbance immediately (Oo5-l.5 minutes after addition 
of sample to reagent) practically eliminates interference from 
chloramines (figure 3) . Manganese interference (up to 1.0 mg/1 
Mn+++) may be eliminated by a sodium arsenite modification of 
the test (figure 4). Since the test depends upon color develop-
ment (rather than bleaching) with DPD oxalate and free chlorine, 
exact measurement of the reagent is not of great importance. 
Reagent stability causes the greatest problems . Palin( 6 ) 
reported that DPD oxalate in chlorine demand free water with a 
specified quantity of H2 S04 and EDTA was stable indefinitely . 
Such a reagent prepared here, however , deteriorated rapidly, 
becoming unusable in less than 3 weeks. For this reason, a 
dry reagent was prepared from DPD oxalate in NaCl , ground to a 
fine powder and stored in a desiccator. The calibration curve 
of the dry reagent showed no change in 111 days and produced 
results identical to those given by the reagent solution with 
respect to temperature and interferences. Later it was dis-
covered that a small amount of HgC12 added to the EDTA solution 
was causing reagent deterioration. A new DPD oxalate reagent 
was prepared without the HgC1 2 ; it was unchanged in 12 days, 
but by the end of JO days showed marked deterioration . (Although 
a blank solution was still colorless, a solution of 1 . 76 mg/1 
Cl2 appeared to have only lo54 mg/1 Cl2 ). Refrigeration pre-
serves the reagent for approximately 1 month, but after 2 months 
storage, the reagent gave results which were consistently 0 . 2 
mg/1 lower than the amount of free chlorine present , The pro-
cedures which follow are given for both liquid and dry reagents, 
but the accompanying figures are based on data obtained using 
the dry reagent. 
The limited range of the test is another problem. Samples 
may be diluted, but dilution requires an available stock of 
chlorine demand free water . Increasing the amount of DPD oxalate 
used extends the range of the test but greatly increases inter-
ference from chloramines in the sample. NaAs02 might be added 
to reduce a part of the free Cl2 and bring the chlorine concen-
tration down to within the range of the test. This procedure 
was only partially successful when applied to the n~utral 
ortho-tolidine test described by Okun and Johnson(4J, where 
the extent of the Cl2 -NaAs02 reaction appeared to be somewhat 
temperature dependento 
Tg1 order of reagent addition is important for this test. Palinl recommends addition of the sample to the premixed 
reagent solution and buffer. If instead, buffer and reagent 
are added to the sample, a substantially lower and less stable 
absorbance is obtained. 
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Chlorine demand curves were run on water samples containing 
sewage , prepared as described in the section on general proce-
dure s . Varying amounts of free chlorine were added to the water 
samples and , after a specified reaction time, free and total 
chlorine was determined by amperometric titration, orthotolidine 
a rsenite, and DPD oxalate tests. Total chlorine, as determined 
by DPD oxalate, agrees more closely with the OTA determination 
than with the amperometric titration. For free chlorine, the 
three methods agree reasonably well (figures 5 and 6). 
Although DPD oxalate appears to be better than the pre-
ceding reagents, it is inferior to methyl orange with respect 
to chloramine interference, ease with which color standards may 
be prepared and chlorine concentration determined visually , 
range of curve, and stabilityo In sewage polluted waters, 
closer agreement with the amperometric titration standard is 
obtained with methyl orange than with DPD oxalate . However , 
since the DPD oxalate test is unaffected by bromides , it might 
be substituted for the methyl orange test in bromide containing 
water . 
Reagents: 
2. 
J. 
4. 
0.32 g DPD oxalate, Oo08 g EDTA, 19 . 6 g NaCl, ground 
to a fine powder and stored in a closed container, 
kept in the dark in a desiccator between uses. 
Solution of Oo08 g DPD oxa late, 2 ml lOfo H2 S04 , and 
2 . 5 ml 008% EDTA/100 ml double distilled water, stored 
in a dark bottle, under refrigeration. 
Buffer (pH 6.4) , 2.4 g Na2 HP0 4 , 4.6 g KH2 P04 , and 
10.0 ml o.8fo EDTA, made up to 100.0 ml with double 
distilled water (to improve stability 20 mg/1 HgC12 
was added) . 
0,5fo NaAs0 2 in double distilled water. 
Procedure : 
To determine free chlorine, a 50 ml sample is added to 
2.5 ml buffer and 2.5 ml DPD oxalate reagent or 0.25 g 
DPD oxalate reagent powder (measurement of the reagent by 
means of a scoop holding 0.25 + O.OJ g of the powder was 
found to be sufficiently accurate). The reagent must be 
dissolved in the buffer solution and the sample added to 
this mixture. Reversing this order of addition results 
in greatly reduced absorbance. Then 0.5-loS minutes after 
preparation, the absorbance of the solution is determined 
at 550 mp . To test for chloramines, several KI crystals 
are added to the sample after the free chlorine reading 
has been made and the absorbance is determined, after 2.5 
minutes. The difference between the apparent free chlorine 
in the two determinations represents the combined mono- and 
di - chloramine concentration. 
9 
Any manganese in the sample is included in the free and 
total chlorine determinations. To correct for this a second 
determination must be made, adding a 50 ml sample to 2.5 ml 
of buffer, one KI crystal and 0.25 ml 0.5% NaAs0 2 and mixing; 
DPD oxalate reagent is then added and absorbance determined 
after 0.5-1.5 minutes. The apparent chlorine found in this 
determination is due to manganese alone and must be subtracted 
from the free and total chlorine values found. 
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Methyl Orange 
Both volumetric and colorimetric procedures for free chlorine 
using tbe bleaching reaction of chlorine have been described by 
Taras(9). As a volumetric procedure 0.005% methyl orange was used 
to titrate the water sample adjusted with HCl to a pH of about 2.2. 
The end point was taken to be the point of change from colorless 
to pink. Results from this laboratory indicate that the procedure 
may be used only for rough estimations, as the pale pink end point 
is difficult to detect and appears to vary with the rate of addi~ 
tion of methyl orange to the sample. Since the titration of an 
aliquot of methyl orange with sample produced no better results, 
the volumetric procedure was discarded in favor of a colorimetric 
test. 
As a colorimetric test, the calibration curve is only 
slightly temperature dependent as is demonstrated in figure?. 
It is composed of several branches produced by varying the 
quantity of methyl orange used per 50 ml sample . The curve has 
been successfully extended to cover the range 0.0-4.b mg/1 free 
chlorine and may be adapted to greater chlorine concentrations by 
sacrificing some accuracy. The reagent appears to be stable 
indefinitely and is unaffected by N02• Interference from ferric 
iron and chloramines is negligible as is demonstrated in figures 
8 and 9 . Manganese interferes quantitatively but, by a NaAs02 
modification of the test, interference may be eliminated for 
manganese in concentration up to 1.0 mg/1 and, if present in 
greater concentration, substantially reduced. The effect of the 
NaAs0 2 modification on manganese interference may be found in 
figure 10. Free bromine also reacts with methyl orange, and 
bromides and excessive chloride concentrations (over 500 mg/1 
c1-) increase the chloramine interference. 
Stable color standards may be prepared by dilution of the 
methyl orange reagent. Visual comparison of samples with the 
standards is accurate to 0.05 mg/1 free Cl2 • The time required 
for a free chlorine determination is less than five minutes, but, 
if a total chlorine determination is also required, about fifteen 
minutes should be allowed for the entire test. An accurate de-
termination depends upon the presence of an excess of methyl 
orange. Thus, the sample must always be added to the methyl orange 
with stirring to prevent local excesses of chlorine, and, if 
addition of the sample bleaches the methyl orange to an absor-
bance of less than 0.10, the test must be completely re-run, 
adding a new sample to a larger quantity of methyl orange. Care 
must also be taken in measurement of the methyl orange reagent, 
as an error in this measurement produces an equivalent error in the 
chlorine determination. 
The best procedure for extending the test range depends 
upon decreasing both the methyl orange concentration and sample 
size. For example, a 10 ml sample per 25 ml 0.001% methyl orange 
produces a calibration curve covering the range 0.0-5.0 mg/1 
free chlorine. Accuracy, however, is necessarily reduced (figure 11). 
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Extending the range of the calibration curve beyond 4 mg/1 
by increasing the amount of methyl orange used per 50 ml water 
sample is not entirely satisfactory. As more methyl orange is 
added , the curve flattens, decreasing precision. With increasing 
volumes of methyl orange, the range of a particular branch of 
the curve for which Beer's law holds is decreased. Increasing 
the concentration of the methyl orange reagent produces similar 
results. Another procedure attempted depended upon the addition 
of NaAs02 to reduce a part of the free chlorine of a sample. 
However the extent of the NaAs0 2 - chlorine reaction appears to 
depend on temperature and upon the amount of chlorine present 
in the sample and replacing the NaAs0 2 with NaN02 or phenyl-
arsenoxide produced no better results. 
The final pH of the sample reagent mixture should be 
approximately two. Higher pH results in incomplete color 
development, and a lower pH increases the chloramine inter-
ference. Either hydrochloric or chloroacetic acid is 
satisfactory for pH adjustment. For alkalinities up to 300 
mg/1 as CaC0 3 , three drops of 6 N HCl may be used, and for 
300 to 600 mg/1 alkalinity, four drops would be requiredo 
(For alkalinities up to 1000 mg/1 the addition of 6 N HCl 
dropwise until the solution turns pink, followed by two addi-
tional drops, produces a pH in the range 1.85-2.0). One ml 
chloroacetic acid (91 g/100 ml) produces the correct pH with 
samples containing zero to 1000 mg/1 of alkalinity. 
Some chloride ion must be present to avoid, or "swamp," 
interference by chlorides in the samples. For this reason, 
sodium chloride equivalent to 100 mg/1 of chloride ion in 
the sample volume is added to the methyl orange reagent when 
chloroacetic acid is used. The sodium chloride should not 
be added to the chloroacetic acid solution, since this was 
found to increase chloramine interference. 
The methyl orange test has been compared with the 
amperometric titration and the OTA test in chlorinated samples 
containing ammonia, amino acids, and varying quantities of 
sewage . Varying concentrations of chlorine were added to 
these samples, and after the desired contact time, both free 
and total residual chlorine were determined by the three pro-
cedures . 
Ammonia samples were prepared with 1.2 mg/1 of ammonium 
ion (Oo82 mg/1 as N) and 40 mg/1 of alkalinity, added as 
sodium bicarbonate, The pH was near 7, and 24 hours contact 
time was allowed before determining the chlorine residuals. 
With chlorine dosages below the breakpoint, the amperometric 
titration indicated no free chlorine, whereas the OTA (2°C) 
procedure indicated as much as 0.18 mg/1 and the methyl orange 
procedure (at 27°C) 0.13 mg/1. Total bhlorine at this point 
was approximately 3 . 41 mg/1. Reducing the sample temperature 
to 2°C before the methyl orange determination eliminated this 
interference, producing a zero free chlorine reading. Beyond 
the breakpoint agreement among amperometric titration, OTA, 
DPD oxalate and methyl orange is good for both free and total 
residual chlorine. Agreement among amperometric titration, 
DPD oxalate, and methyl orange tests on a typical curve is 
shown in figure 12. 18 
Solutions of glycine, cystine, and arginine were prepared 
in ammonia free water containing 150 mg/1 of alkalinity and 
hardness, and at pH 7.0 (prepared as described under the heading 
sewage polluted water, in the general procedures, where amino 
acids were substituted for the sewage effluents.) The chlorine 
contact time was varied from 1 to 24 hours. Agreement among the 
tests (amperometric titration, OTA, and methyl orange) improved 
with increasing contact time, due to the fact that the three 
tests could not be performed simultaneously, and any difference 
in time of determination became less important as the reaction 
approached completion. Representative results of these studies 
are given in figures 13 through 19. 
The three procedures were also compared in water contain-
ing sewage prepared as described under general procedures. 
The chlorine residuals as determined by the OTA test tended to 
be somewhat lower than the residuals determined by amperometric 
titration. This was especially true for total residual chlorine. 
The methyl orange and amperometric titration tests agreed quite 
closely for both free and total chlorine residuals, especially 
beyond the breakpoint. Prior to the breakpoint , where the 
difference between free and total chlorine residual is high ~ 
total chlorine as determined by methyl orange is higher than 
that determined by amperometric titration for concentrations of 
2o5 mg/1 and above, and the difference increases with increasing 
chloramine concentration. Representative curves showing the 
agreement of methyl orange and amperometric titration tests are 
given in figures 20 to 23. 
It was hoped that a procedure might be established for 
estimating the chlorine demand of a water at the end of a two-
hour contact time by the determination of the demand at one or 
more short contact periods (30 minutes or less). Attempts at 
such a procedure have been unsuccessful. For contact periods 
of longer than on~ hour, the demand approximates the equation 
proposed by Taraslll), D = ktn where Dis chlorine demand in 
mg/1; tis the contact time in hours; k is the chlorine demand 
in rng/1 after one hour contact; and n is a constant characteristic 
of a particular water. This allows the prediction of chlorine 
demand of a water for longer contact times. Since for contact 
times of up to 2 hours no such relation has been found, to 
obtain the demand for short contact times it is necessary to 
treat a set of three or more samples with varying concentrations 
of chlorine in excess of the demand and to determine the 
chlorine residual of these samples at the desired contact time. 
Plotting the residuals versus chlorine applied produces a curve 
from which the amount of chlorine required for a particular de-
sired residual may be determined. 
With moderately polluted waters, containing up to 5% 
activated sludge effluent, it was possible to estimate the 
chlorine dosage required for a particular two-hour residual 
on the basis of a 15-minute and 30-minute test. In such waters 
the decrease in residual between these two tests was approxi-
mately one-third of the additional decrease to be expected at 
the end of two hours. It appears that the demand in such waters 
is largely due to ammonia and there is little drop in the 
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residual after 15 minutes. Attempts to apply this relationship 
to dilutions of primary effluent were not particularly success-
ful due to the large variations found in the rate of the chlorine 
demand and the greater magnitude of the demand. 
Reagents: 
1. 0.005% methyl orange in double distilled, ammonia free 
water by dilution from a 0.05% solution, with 0 . 8241 g 
NaCl per 500 ml 0.05% methyl orange solution. 
2. 91 g chloroacetic acid, diluted to 100 ml with double 
distilled, ammonia free water. 
3. Arsenite reagent consisting of 0.025 g sodium arsenite, 
14.7 g sodium citrate, and 0.375 g citric acid, ground 
to a fine powder, and stored in a desiccator. 
4. 2.6% bromide (from NaBr) in double distilled, ammonia 
free water . 
Procedure: 
* 
** 
To determine free chlorine, a 50 ml sample is added t o 
5 ml 0.005% methyl orange solution containing 1 ml chloro-
acetic acid solution; this is mixed and absorbance determined 
1.0- 1,5 minutes after preparation at 510 ~• If the absor-
bance is less than 0.10, the test is re-run using 10 ml 
0.005% methyl orange, etc . 
For waters containing manganic ion, an additional 
absorbance determination is necessary. For this, the 50 ml 
water sample is added to 0.10 g .. a rsenite reagent, mixed, 
and then added to 5 ml 0,005% methyl orange containing 1 ml 
chloroacetic acid solution, and absorbance determined after 
2.0-2.5 minutes at 510 mp.,c The difference in apparent 
free chlorine concentrations found in the first determina-
tion and that in the second, which is due to manganese only, 
gives the true free chlorine concentration . 
To find total chlorine, 0.5 ml Br- solution is added to 
the sample after the free chlorine concentration is determined. 
The solution is mixed and after 10 minutes, absorbance is 
again determined . ** If absorbance is less than 0.10, a new 
sample should be prepared using a larger quantity of methyl 
orange. When water is known to contain manganic ion, a cor-
rection, using NaAs02 must be made. (See free Cl2 procedure 
above . ) 
Final pH is 1.8-2 . 15 for samples of 0-1000 ppm alkalinity. 
The sample with arsenite and buffer alone has a pH of 6.9-7.5 . 
It is essential that all the arsenite reagent be dissolved 
before the solution is added to the methyl orange. 
Bromide is consumed in the reaction and the rate is directly 
proportional to the initial Br- concentration; thus, increasing 
Br- concentration may be desirable if time required for the 
test must be decreased. 
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Conclusions: 
Both the methyl orange and DPD oxalate tests appear to 
have advantages over the OTA test in the determination of 
chlorine in natural waters. Both tests are superior with 
respect to chloramine, manganese, and nitrite interferences. 
Both may be performed at temperatures up to J0°C with minimum 
chloramine interference while OTA must be run at 1°C. Both 
tests are easily and quickly performed, although, since the 
methyl orange test is somewhat temperature dependent, several 
calibration curves to cover different temperature ranges might 
be necessary if very high precision were desired. And, since 
the methyl orange test depends upon the bleaching effect of 
chlorine, the methyl orange reagent must be measured accurately 
for good results . 
If bromide or excessive chlorides (more than 500 mg/1) 
are present in the water sample, the DPD oxalate test is to 
be preferred, because bromide and large amounts of chloride 
increase the chloramine interference. 
For most water samples, the methyl orange test is prefer-
able. The reaction between methyl orange and free chlorine 
appears to be instantaneous, and, by determining the absorbance 
immediately after the sample is added to the methyl orange, 
chloramine interference is practically eliminated. The addi-
tion of bromide to the sample allows the chloramines to react 
with the methyl orange to give a total chlorine reading which 
agrees more closely with the results obtained by the ampero-
metric procedure than either the OTA or DPD oxalate tests do. 
This is particularly true for polluted waters where OTA results 
are generally low, especially for total chlorine. Interference 
may be eliminated for manganese in concentrations up to 1.0 
mg;l and ferric iron and nitrite interferences are negligible. 
Methyl orange is superior to DPD oxalate with respect to 
stability of reagent, range for which the test is valid, and 
low chloramine interference. In addition, stable color stan-
dards may be prepared from dilutions of the methyl orange and 
samples may be matched visually to the standards to an accuracy 
of O. OS mg;l chlorine . On the basis of these results, it 
appears that a methyl orange test is a suitable replacement 
test for OTA . 
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Summary of Results: 
As the result of a literature search, the reagents: methyl 
orange, N,N-diethyl-p-phenylene diamine (DPD), N,N-dimethyl-p-
phenylene diamine, tetrakis-p-dimethylaminophenyl ethylene, 
methyl red, and neutral red were chosen to be evaluated as possi-
ble quantitative free chlorine tests for water. Of these 
reagents, methyl orange and DPD were selected as most satisfactory~ 
Both methyl orange and DPD appear to have advantages over 
the commonly accepted orthotolidine test for free chlorineo Un-
like orthotolidine, they need not be run at low temperature to 
avoid chloramine interference. At all temperatures chloramine 
interference with the DPD oxalate test is greatly decreased from 
that with OTA, and the methyl orange test reduces chloramine 
interference still further unless bromides are present (Bromides 
increase chloramine interference to such an extent that they are 
used when a total residual chlorine determination is required.) 
Ferric iron and nitrite nitrogen in concentrations up to 
10 mg/1 do not significantly affect these tests. Manganic man-
ganese interference for concentration up to 1.0 mg/1 may be 
eliminated by a NaAs0 2 modification of the tests, and reduced 
if present in greater concentration. Both tests may be used to 
measure total, as well as free residual chlorine. 
The DPD test has two disadvantages not found with ortho-
tolidine or methyl orange. The DPD reagent is quite unstableo 
It may be kept a maximum of two weeks if stored at room temp~ra-
ture, although under refrigeration, the reagent remains u~uable 
at least 3 weeks. Also, the use of DPD restricts the concentra-
tion of chlorine to be measured to under J.5 mg/1. The methyl 
orange test, as developed by this lab, is valid for chlorine con-
centrations of up to 4.0 mg/1 and by suitable adaptation of the 
test may be extended, with decreased sensitivity, to measure 
greater chlorine concentration. 
In simulated natural waters, prepared by the addition of 
150 mg/1 hardness and alkalinity and varying concentrations of 
sewage, the methyl orange test agrees closely with the ampero-
metric titration standard. DPD and orthotolidine results tend 
to be somewhat lower, especially on the total residual chlorine 
determination, although all three tests agree quite closely on 
free chlorine. 
No procedure was established for estimating the chlorine 
demand of a water. It was hoped that from a few chlorine demand 
determinations for short contact times, the two-hour chlorine 
demand of a water might be estimated. For waters containing up 
to 5% activated sludge effluent as a pollutant, the two-hour 
demand may be estimated as the demand at 30 minutes plus 3 times 
the difference between the 15 and JO-minute demands. In more 
polluted waters and waters for which a large proportion of the 
chlorine demand is due to factors other than ammonia, no such 
relationship was observed. 
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The procedures developed using methyl orange and DPD oxalate 
for the determination of free and total residual chlorine produce 
results which are superior to those obtained with the orthotoli-
dine arsenite test now in use. 
If the waters to be tested contain bromide ion, the DPD 
oxalate test should be used, but bromides are uncommon in natural 
waters, and since methyl orange is preferable to DPD oxalate 
with respect to chloramine interference, reagent stability, and 
range of the test, methyl orange appears to be the more suitable 
test. 
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Significance of Results: 
The minimum bactericidal chlorine concentration under 
specified conditions of pH, temperature, contact time, etc., 
depends upon the type of chlorine residual present. A free 
chlorine residual indicates the presence of hypochlorous 
acid (and hypochlorite ion) which disinfects far more rapidly 
than the chloramineso Therefore, it is desirable to be able 
to distinguish between free and combined available chlorine 
in solution. 
The present available methods for determination of free 
chlorine alone are best suited to laboratory rather than 
field conditions. The amperometric titration requires a 
source of 110 volt current, and the orthotolidine arsenite 
test requires low temperature (1°C) to avoid interference by 
chloramines. At the present time, the best available field 
test is a modification of the orthotolidine test. 
Either of the proposed tests, methyl orange or N,N-diethyl-
p-phenylene diamine, is superior to the orthotolidine test in 
the laboratory and could be used as a field test with essentially 
no change in procedure. 
With regard to chloramine interference, the methyl orange 
method is essentially unaffected and is therefore superior to 
the N,N-diethyl-p-phenylene diamine (DPD) method except in the 
presence of bromides. However, bromides are rarely present in 
natural waters, and furthermore there is evidence in the liter-
ature that chloramin~~' are more effective as a germicide in the 
presence of bromide.(l4Jrhe chloramine interference with the DPD 
method is unaffected by bromides. 
Both methods can be used to determine total available 
chlorine as well as free chlorine. 
Both methods are free from interference by ferric iron 
and nitrite. Also, with the designated modification for both 
methods, interference by manganic manganese up to 1.0 mg/1 can 
be eliminated. 
Both methods are easier to use than the orthotolidine 
method. However, the accuracy of the methyl orange method is 
dependent upon the use of an accurate measurement of the 
reagent for each test. This is because the test is dependent 
upon bleaching of the methyl orange color. 
With this stipulation the methyl orange method is pre-
ferred to the DPD method, and either is preferred to the present 
orthotolidine procedure. 
A procedure is indicated for the determination of free 
chlorine in the range of zero to 5 mg/1. However, the accuracy 
of this determination is correspondingly reduced, and should 
be used only as an approximation or as a 11yes or no" test for 
5 mg/1 free chlorine. 41 
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